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© There are provided a gaseous-diffusion elec- 
trode which can exhibit sufficient gas-supplying abil- 
ity and gas-discharging ability and an excellent dura- 
bility even when partly immersed in an electrolysis 
solution; and an electrochemical reactor using the 
gaseous-diffusion electrode. A porous membrane 15 
which is permeable to gas but not to an electrolysis 
solution is fixed to the surface of the gaseous- 
diffusion layer 13 of a gaseous-diffusion electrode 11 
obtained by joining a reaction layer 12 supporting a 
catalyst metal and a gaseous-diffusion layer 13 to 
each other, so as to cover the surface of the gas- 
eous-diffusion layer 13. When a gas passageway 
member 17 serving as gas passageway to the gas- 
eous-diffusion layer 13 is inserted between the sur- 
face of the gaseous-diffusion layer 13 and the po- 
rous membrane 15, the gas-supplying ability and the 
gas-discharging ability becomes more excellent. 
When an electrochemical reactor is composed by 
immersing the thus composed gaseous-diffusion 
electrode partly in an electrolysis solution in a pres- 
sure vessel composed of a closed vessel, electroly- 
sis or the like can be continuously carried out. 




Rank Xerox (UK) Business Services 

13.10/3.09/3.3.4) 



1 



EP 0 580 072 A1 



2 



BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a gaseous- 
diffusion electrode usable for reduction-oxidation of 
gases and cold fusion, and applicable to fuel cells, 
secondary cells, electrolytic apparatus, electro- 
chemical synthesis apparatus, etc. and an elec- 
trochemical reactor using the gaseous-diffusion 
electrode. 

Description of the Related Art 

In fuel cells, secondary cells and the like, gas- 
eous-diffusion electrodes have heretofore been 
usually composed of a gaseous-diffusion layer, a 
reaction layer and a current-collecting plate. 

When used in an electrolytic apparatus, the 
gaseous-diffusion electrode is composed so that an 
electolysis solution and a supplied gas may come 
into contact with the reaction layer side and the 
gaseous-diffusion layer side, respectively, of the 
electrode. In the electrolytic apparatus, the elec- 
tolysis solution permeates into the reaction layer, 
which is hydrophilic, and reaches a catalyst metal 
supported on the reaction layer. On the other hand, 
the supplied gas reaches the catalyst metal on the 
reaction layer via the gaseous-diffusion layer, which 
is hydrophobic, and an electrochemical reaction is 
carried out on the reaction layer. 

Such a gaseous-diffusion electrode have here- 
tofore been generally known and has been dis- 
closed, for example, in Japanese Patent Applica- 
tion Kokai (Laid-Open) No. 62-154585. 

A gaseous-diffusion electrode is required to 
have a function of receiving a gas from the surface 
of the gaseous-diffusion layer of the electrode, con- 
ducting the gas to the reaction layer of the elec- 
trode to subject the same to electrochemical reac- 
tion, and discharging the gas produced by the 
reaction from the gaseous-diffusion layer of the 
electrode. For this function, it is preferable to keep 
a large portion of the surface of the gaseous- 
diffusion layer always in contact with the gas to be 
received. 

In such an electrolytic apparatus as is de- 
scribed above, the gaseous-diffusion layer is in 
direct contact with the electrolysis solution and 
hence is attacked by the electrolysis solution, re- 
sulting in an insufficient durability of the electrode. 

An object of the present invention is to solve 
the above problems and provide a gaseous-diffu- 
sion electrode which exhibits sufficient gaseous 
reduction-oxidation ability and an excellent durabil- 
ity even when partly immersed in an electrolysis 
solution. 



Another object of the present invention is to 
provide an electrolytic apparatus most suitable for 
using the above gaseous-diffusion electrode there- 
in. 

5 

SUMMARY OF THE INVENTION 

The present invention relates to an electrode 
comprising a reaction layer supporting a catalyst 

to metal, a current collector, a gaseous-diffusion layer 
and a porous material, wherein the reaction layer, 
the gaseous-diffusion layer and the current collec- 
tor form a gaseous-diffusion electrode, the porous 
material covers a part or the whole of the surface 

75 of the gaseous-diffusion layer, and the current col- 
lector is permeable to gas but not to an electrolysis 
solution. 

The present invention relates also to the 
above-mentioned electrode which further has a gas 

20 passageway member serving as a passageway of a 
gas to the gaseous-diffusion layer, on a part or the 
whole of the surface of the gaseous-diffusion layer 
that is reverse to the reaction layer, and in which 
the porous material covers a part or the whole of 

25 said gas passageway member. 

The present invention further relates to elec- 
trochemical reactor comprising an electrolytic cell 
composed of a closed vessel, at least one anode 
and at least one cathode, wherein the electrode(s) 

30 described above are used as the anode(s) and/or 
the cathode(s). 

The present invention still further relates to the 
above-mentioned electrochemical reactor, wherein 
an electrolysis solution is accommodated in the 

35 electrolytic cell, leaving a space in a part of the 
inside of the cell, and a part of the anode(s) and a 
part of the cathode(s) are immersed in the elec- 
trolysis solution. 

Since the gaseous-diffusion electrode of the 

40 present invention is equipped with the porous ma- 
terial which is permeable to gas but not to an 
electrolysis solution, so as to cover the surface of 
the gaseous-diffusion layer, a gas-supplying pas- 
sageway is formed between the surface of the 

45 gaseous-diffusion layer and the porous material. 
Therefore, when the gaseous-diffusion electrode is 
partly immersed in an electrolysis solution, it is 
possible to carry out efficiently the supply of a gas 
from the exposed portion of the porous material 

50 above the electrolysis solution to the reaction layer 
through the gaseous-diffusion layer, or the dis- 
charge of a gas produced in the reaction layer from 
the porous material through the gaseous-diffusion 
layer. 

55 Furthermore, the gas passageway member ac- 

cording to the present invention is located on the 
surface of the gaseous-diffusion electrode, and the 
porous material which is permeable to gas but not 
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to an electrolysis solution is attached to the surface 
of the gaseous-diffusion layer of the gaseous-diffu- 
sion electrode so as to cover the gas passageway 
member. Therefore, when the gaseous-diffusion 
electrode is partly immersed in an electrolysis so- 
lution, a gas passageway is formed by the gas 
passageway member. Accordingly, it is possible to 
carry out efficiently the supply of a gas from the 
exposed portion of the porous material above the 
electrolysis solution to the reaction layer through 
the gaseous-diffusion layer, or the discharge of a 
gas produced in the reaction layer from the porous 
material through the gaseous-diffusion layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional view of a gaseous- 
diffusion electrode having a water-repellent porous 
material fixed thereto of the present invention. 

Fig. 2 is a front view of the gaseous-diffusion 
electrode having a water-repellent porous material 
fixed thereto of the present invention. 

Fig. 3 is a general view of an electrolytic ap- 
paratus of the present invention. 

Fig. 4 shows relationships between voltage 
(mV) applied to a reference electrode and current 
density (mA/cm 2 ) which were determined at a hy- 
drogen pressure of 6.0 kgf/cm 2 for three electrodes 
each having a gaseous-diffusion electrode, i.e., an 
electrode of a comparative example (®), an elec- 
trode of the present invention (©) and another 
electrode of the present invention (Q». 

Fig. 5 shows relationships between voltage 
(mV) applied to a reference electrode and current 
density (mA/cm 2 ) which were determined for the 
electrode ©. 

Fig. 6 shows relationships between voltage 
(mV) applied to a reference electrode and current 
density (mA/cm 2 ) which were determined for the 
electrode ®. 

Fig. 7 shows relationships between voltage 
(mV) applied to a reference electrode and current 
density (mA/cm 2 ) which were determined for the 
electrode ®. 

Fig. 8 shows an example of integrated electro- 
lytic apparatus. 

THE PREFERRED EMBODIMENTS OF THE IN- 
VENTION 

The present invention is described below with 
reference to the following examples. However, the 
present invention should not be construed to be 
limited thereto. 



Example 1 

The electrode of the present invention is ex- 
plained with reference to the drawings. In Example 

5 1, there is given an example of occlusion of hy- 
drogen in a cathode by ionization of hydrogen gas 
carried out in a pressure vessel filled with pressur- 
ized hydrogen gas by using an alloy capable of 
occluding hydrogen, as cathode and a gaseous- 

10 diffusion electrode as anode. The hydrogen may 
be 1 H, 2 H or 3 H. 

Fig. 1 is a cross-sectional view of a gaseous- 
diffusion electrode having a water-repellent porous 
material fixed thereto of the present invention. Fig. 

T5 2 is a front view of this gaseous-diffusion electrode. 
Numeral 11 shows the gaseous-diffusion electrode 
which has a dual structure formed by joining of a 
reaction layer 12 and a gaseous-diffusion layer 13 
to each other. A gas passageway member 14 is 

20 located on the surface of the gaseous-diffusion 
layer 13. In addition, a water-repellent porous ma- 
terial 15 is fixed at the whole periphery of the 
surface of the gaseous-diffusion layer 13 so as to 
envelop the gas passageway member 14 and cov- 

25 er substantially the whole surface of the gaseous- 
diffusion layer 13. 

Gaseous-diffusion electrode 

30 Several milligrams (for example 0.5 mg) of 
platinum fine particles having an average particle 
size of 2 to 10 mm are supported on hydrophobic 
carbon black having an average particle size of 
450A. PTFE (a polytetrafluoroethylene) having an 

35 average particle size of 0.3 urn is blended with the 
thus treated carbon black in a proportion of 10 to 
20% by weight based on the weight of the treated 
carbon black. The supporting of platinum may be 
carried out in such a way that a mixture of carbon 

40 black and PTFE is press molded, then coated with 
a solution of chloroplatinic acid and the resulting 
composition is dried. The resulting composition is 
formed into a layer with a thickness of 0.1 mm, a 
width of 120 mm and a length of 120 mm, whereby 

45 the reaction layer 1 2 is obtained. The reaction layer 
12 has fine hydrophilic portions and fine hydropho- 
bic portions because of the carbon black and PTFE 
mixed with each other. 

Next, a composition obtained by blending hy- 

50 drophobic carbon black having an average particle 
size of 420 A and PTFE having an average particle 
size of 0.3 urn in a ratio of 7 : 3 is formed into a 
layer of 0.5 mm in thickness, whereby the gas- 
eous-diffusion layer 13 is obtained. 

55 The gaseous-diffusion electrode 11 is pro- 
duced by joining the reaction layer 12 and the 
gaseous-diffusion layer 13 to each other with a 
current collector 16 between by hot melt. 
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The gaseous-diffusion electrode 11 is used as 
at least either an anode or a cathode. 

Porous material 

As the porous material 15, there is preferably 
used a porous membrane, in particular, a water- 
repellent porous membrane which is permeable to 
gas but not to an electrolysis solution. 

As a material for the water-repellent porous 
membrane 15, a membrane filter made of PTFE 
capable of repelling liquids having a high surface 
tension, such as water and acids is suitable. The 
size of pores of the porous membrane 15 is such 
that an electrolysis solution does not permeate the 
membrane. The thickness of the membrane is not 
critical. 

As the membrane filter made of PTFE, there 
can be used, for example, Fluoropore R Membrane 
Filter FR-010 (a trade name, mfd. by Ron Industry, 
Co., Ltd.; average pore diameter 0.1 urn, thickness 
60 urn). 

The porous material 15 is fixed for imparting 
water repellency and durability to the surface of the 
gaseous-diffusion electrode 1 1 . 

The porous material is fixed to the surface of 
gaseous-diffusion electrode 11 so as to cover the 
whole surface of the gaseous-diffusion layer 13. 
Since the place of fixing is the whole periphery of 
the surface of the gaseous-diffusion layer 13, no 
electrolysis solution intrudes into the internal space 
covered with the porous material 1 5 but gas can go 
in and go out of the space freely. 

Gas passageway member 

For supplying a gas as much as possible to the 
reaction layer 12 through the gaseous-diffusion lay- 
er 13 of the gaseous-diffusion electrode 11, it is 
preferable to locate the gas passageway member 
14 between the gaseous-diffusion layer 13 and the 
water-repellent porous membrane 15. The gas pas- 
sageway member 14 fulfills its function as a gas 
passageway 17 which enable the gas to permeate 
into the inner part of the passageway freely and 
reach the gaseous-diffusion layer 13. As such a 
gas passageway member 14, porous carbon paper 
is suitable because of its excellent corrosion resis- 
tance. 

As the carbon paper, Carbon Paper E-704 (a 
tradename, a carbon binder mfd. by Kureha 
Chemical Industry Co., Ltd.; thickness 0.30 mm) 
can be used. 



Fixing of the porous material to the gaseous-diffu- 
sion electrode 

The gas passageway member 14 is located 

5 between the porous material 15 and gaseous-diffu- 
sion layer 13 for the purpose of securing the gas' 
passageway 17 on the surface of the gaseous- 
diffusion layer 13. When a part of the gaseous- 
diffusion electrode having the gas passageway 17 

w is immersed in an electrolysis solution, a gas is 
certainly supplied to the surface of the gaseous- 
diffusion layer 13 through the gas passageway 17 
even if the porous membrane 15 is brought into 
close contact with the gaseous-diffusion electrode 

75 11 by hydraulic pressure. Therefore, electrolysis 
reaction is efficiently carried out by the supply of 
the gas from the gaseous-diffusion layer 13 to the 
reaction layer 12. Accordingly, a high current den- 
sity can be attained at a low overvoltage. 

20 The above-mentioned water-repellent porous 
membrane 15 and gas passageway member 14 
can be fixed to the gaseous-diffusion electrode 11 
by covering the surface of the gaseous-diffusion 
layer 13 with the water-repellent porous membrane 

25 15 so as to hold the gas passageway member 
between the surface of the layer 13 and the mem- 
brane 15, and carrying out thermocompression 
bonding of the hem of the porous membrane. 

For example, a membrane filter made of PTFE 

30 (Fluoropore R Membrane Filter - FR-010, a trade 
name, mfd. by Ron Industry, Co., Ltd.; average 
pore diameter 0.1 urn, thickness 60 urn) is fixed by 
thermocompression bonding at 300 *C while hold- 
ing carbon paper having a thickness of 0.3 mm 

35 (Carbon Paper E-704, a trade name, a carbon 
binder mfd. by Kureha Chemical Industry Co., Ltd.) 
between the surface of the gaseous-diffusion layer 
1 3 and the porous membrane 1 5. 

40 Constitution of a cathode 

As an anode 22, a metal capable of occluding 
hydrogen can be used. In Example 1, palladium 
(diameter 1 mm, thickness 35 mm) is used as alloy 
45 capable of occluding hydrogen. 

Constitution of the whole of an electrochemical 
reactor 

so Fig. 3 is a general view of an electrochemical 
reactor of Example 1. The constitution of this ap- 
paratus and electrolysis using the apparatus are 
explained below. 

Numeral 26 shows an electrolytic cell. The 

55 electrolytic cell may be an open vessel or a closed 
vessel such as a pressure vessel which can be 
hermetically sealed. In the present example was 
used the pressure vessel which can be hermeti- 
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cally sealed. The inner wall of the pressure vessel 
26 has a corrosion-resistant coating 24. As a corro- 
sion-resistant material for this coating, PTFE was 
used in Example 1, though coating with a metal 
having resistance to corrosion due to an electroly- 
sis solution 23 by plating or the like was also 
possible. The electrolysis solution 23 is accom- 
modated in the pressure vessel 26, leaving a space 
in the upper part. The space in the upper part is 
filled with hydrogen gas. The whole of the cathode 
22 composed of a metal capable of occluding 
hydrogen (e.g. palladium) is immersed in the elec- 
trolysis solution 23. On the other hand, a part of an 
anode composed of the gaseous-diffusion elec- 
trode obtained by fixing the water-repellent porous 
membrane 15 so as to hold carbon paper 34 be- 
tween the porous membrane 15 and the gaseous- 
diffusion layer 13 is immersed in the electrolysis 
solution 23. In this example, the area of exposed 
portion of the anode 21 in the hydrogen gas was 
16 cm 2 , and the area of the portion immersed in 
the electrolysis solution 23 was 20 cm 2 . 

Numeral 30 shows a reference electrode 
(RHE), which is located near the anode 21 in the 
electrolysis solution 23 for measuring the overvol- 
tage of ionization reaction of the hydrogen gas in 
the anode 21 . 

A potentiostat 27 is connected to the anode 21 
and the cathode 22 as an external electric source. 
Hydrogen gas to be introduced into the pressure 
vessel 26 is passed through a hydrogen gas sup- 
plying unit 28 and a gas controlling unit 29 next 
thereto outside the pressure vessel 26, whereby 
the gas pressure is adjusted. The thus treated 
hydrogen gas is introduced into the pressure ves- 
sel 26. 

In the above-mentioned apparatus for electroly- 
sis of water in which the space in the upper part is 
filled with pressurized hydrogen gas, the hydrogen 
gas intrudes into the exposed portion of the porous 
membrane 15 fixed to the gaseous-diffusion elec- 
trode in the pressurized hydrogen gas atmosphere, 
passes through the porous structure of the carbon 
paper 34 and reaches the gaseous-diffusion layer. 
Therefore, the hydrogen gas is uniformly supplied 
to the gaseous-diffusion layer which is in contact 
with the carbon paper 34. 

Then, the hydrogen gas reaches the catalyst 
portion of the reaction layer from the gaseous- 
diffusion layer and comes into contact with the 
electrolysis solution 23 to be ionized into H + ions. 
Thus, the gaseous-diffusion electrode partly im- 
mersed in the electrolysis solution 23 functions as 
the anode 21 sufficiently. On the other hand, H2 
gas is produced in the cathode 23 composed of a 
metal capable of occluding hydrogen (e.g. pal- 
ladium), and returns to the gas layer in the space 
in the upper part in the pressure vessel 26. Water 



evaporated in the pressure vessel 26 is condensed 
and then returns to the electrolysis solution 23 in 
the pressure vessel 26. Therefore, the electrolysis 
solution 23 is not decreased. 
5 An example of electrolysis using the above 

electrolytic apparatus is explained with reference to 
Fig. 4. 

As an electrolysis solution, 1 M LiOH was 
used, and the hydrogen gas pressure in the pres- 
10 sure vessel was adjusted to 6.0 kgf/cm 2 . Controlled 
current electrolysis was carried out using a poten- 
tiostat. 

The following three electrodes each having a 
gaseous-diffusion electrode were used: a gaseous- 

15 diffusion electrode having no porous membrane 
fixed thereto (shown by the symbol ® in Fig. 4) 
was used as an electrode of a comparative exam- 
ple; a gaseous-diffusion electrode having a porous 
membrane fixed thereto without a carbon paper 

20 inserted between the gaseous-diffusion layer and 
the porous membrane (shown by the symbol @ in 
Fig. 4) was used as an electrode of the present 
invention; and a gaseous-diffusion electrode having 
a porous membrane fixed thereto with a carbon 

25 paper inserted between the gaseous-diffusion layer 
and the porous membrane (shown by the symbol 
(3) in Fig. 4) was used as another electrode of the 
present invention. For the three gaseous-diffusion 
electrodes, the gas-supplying ability for hydrogen 

30 gas was measured. 

Fig. 4 shows relationships between voltage 
(mV) applied to the gaseous-diffusion electrode 
and current density (mA/cm 2 ) which were deter- 
mined for the above three gaseous-diffusion elec- 

35 trades, respectively, relative to the reference elec- 
trode at a hydrogen gas pressure of 6.0 kgf/cm 2 . 

Next, the gas-supplying ability for hydrogen 
gas of each of the above electrode ®, electrode (2) 
and electrode ® was measured at each of 

40 hydrogen pressures of 2 kgf/cm 2 , 4 kgf/cm 2 , 6 
kgf/cm 2 and 8 kgf/cm 2 . Fig. 5 shows relationships 
between voltage (mV) applied to the reference 
electrode and current density (mA/cm 2 ) in the case 
where the electrode 0 was used. Fig. 6 shows 

45 relationships between voltage (mV) applied to the 
reference electrode and current density (mA/cm 2 ) 
in the case where the electrode ® was used. Fig. 
7 shows relationships between voltage (mV) ap- 
plied to the reference electrode and current density 

50 (mA/cm 2 ) in the case where the electrode (§) was 
used. 

From Figs. 5 to 7, it can be seen that when the 
employment of the electrode ® (Fig. 5) and the 
employment of the electrode ® (Fig. 6) are 
55 compared, the electrode @ having a porous mem- 
brane fixed thereto gives a higher current density 
at the same applied voltage. However, it can also 
be seen that in the case of both the electrode ® 
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and the electrode ®, the higher the hydrogen gas 
pressure, the higher the current density, and that 
therefore no sufficient gas-supplying ability can be 
attained unless the hydrogen gas pressure is in- 
creased. 

On the other hand, the following can be seen: 
when the electrode @ was used (Fig. 7), a suffi- 
cient current density (about 200 mA/cm 2 ) can be 
attained at a low applied voltage and the current 
density is hardly affected by the external pressure. 
Therefore, the performance characteristics of the 
gaseous-diffusion electrode can be greatly im- 
proved by inserting carbon paper between the sur- 
face of gaseous-diffusion layer of the gaseous- 
diffusion electrode and the porous membrane. 

In the electrode of the present invention, the 
water-repellent porous material which is permeable 
to gas but not to an electrolysis solution is fixed at 
the whole periphery of the surface of the gaseous- 
diffusion electrode so as to cover the surface of the 
gaseous-diffusion layer, and moreover carbon pa- 
per is inserted between the gaseous-diffusion elec- 
trode and the PTFE membrane. Therefore, even 
when partly immersed in an electrolysis solution, 
the gaseous-diffusion electrode can exhibit suffi- 
cient gas-supplying ability and gas-dischaging abil- 
ity. 

Furthermore, since the gaseous-diffusion layer 
of the gaseous-diffusion electrode is not in direct 
contact with an electrolysis solution, the gaseous- 
diffusion electrode is excellent in durability. 

In the electrolytic apparatus according to the 
present invention, the pressure vessel is used as it 
is as an electrolytic bath accommodating an elec- 
trolysis solution. Therefore, even when the elec- 
trolysis solution undergoes repeated evaporation 
and condensation, the anode and the cathode are 
always immersed in the electrolysis solution with- 
out cease because the electrolysis solution is cir- 
culated. Accordingly, electrolysis can be continu- 
ously carried out. 

Example 2 

Fig. 8 shows an example of electrolytic appara- 
tus obtained by setting a plurality of electrodes in 
the same pressure vessel as used in Example 1 , in 
other words, an example of integrated electrolytic 
apparatus. 

An electrolysis solution 231 is accommodated 
in the pressure vessel 261, leaving a space in the 
upper part. The space in the upper part is filled 
with a gas to be supplied. A plurality of gaseous- 
diffusion electrodes 211, 212, 213, 214 and 215 
having a water-repellent porous membrane fixed 
thereto are set as anodes in the electrolysis solu- 
tion 231 in a partly immersed state. Cathodes 221 , 
222, 223 and 224 are immersed in the electrolysis 



solution between the gaseous-diffusion electrodes 
211 and 212, 212 and 213, 213 and 214, and 214 
and 215, respectively. 

Since a plurality of the electrodes of the 

5 present invention can be set in one electrolytic 
bath without deteriorating the performance char- 
acteristics of the electrodes, the effects of the 
integration, such as an increase of the electrolytic 
capacity are brought about. 

70 An electrolytic apparatus having such a con- 
stitution permits integration without deterioration of 
the performance characteristics of the electrodes. 
Therefore, when the electrolytic apparatus is com- 
posed as a fuel cell, it becomes possible to in- 

75 crease the output current per unit by virtue of the 
effects of the integration. 

Claims 

20 1. An electrode comprising a reaction layer sup- 
porting a catalyst metal, a current collector, a 
gaseous-diffusion layer and a porous material, 
wherein the reaction layer, the gaseous-diffu- 
sion layer and the current collector form a 

25 gaseous-diffusion electrode, the porous ma- 

terial covers a part or the whole of the surface 
of the gaseous-diffusion layer, and the current 
collector is permeable to gas but not to an 
electrolysis solution. 

30 

2. An electrode according to claim 1, wherein 
said reaction layer, said gaseous-diffusion lay- 
er and said current collector are joined to each 
other with said current collector between to 

35 form the gaseous-diffusion electrode. 

3. An electrode according to claim 1 which fur- 
ther has a gas passageway member serving as 
a passageway of a gas to the gaseous-diffu- 

40 sion layer, on a part or the whole of the sur- 

face of the gaseous-diffusion layer that is re- 
verse to the reaction layer, and in which the 
porous material covers a part or the whole of 
said gas passageway member. 

45 

4. An electrode according to claim 2 which fur- 
ther has a gas passageway member serving as 
a passageway of a gas to the gaseous-diffu- 
sion layer, on a part or the whole of the sur- 

50 face of the gaseous-diffusion layer that is re- 

verse to the reaction layer, and in which the 
porous material covers a part or the whole of 
said gas passageway member. 

55 5. An electrochemical reactor comprising an elec- 
trolytic cell composed of a closed vessel, at 
least one anode and at least one cathode, 
wherein an electrode(s) according to claim 1 



6 
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are used as said anode(s) and/or said cathode- 
(s). 

6. An electrochemical reactor comprising an elec- 
trolytic cell composed of a closed vessel, at 
least one anode and at least one cathode, 
wherein an electrode(s) according to claim 2 
are used as said anode(s) and/or said cathode- 
(s). 

7. An electrochemical reactor comprising an elec- 
trolytic cell composed of a closed vessel, at 
least one anode and at least one cathode, 
wherein an electrode(s) according to claim 3 
are used as said anode(s) and/or said cathode- 
(s). 

8. An electrochemical reactor comprising an elec- 
trolytic cell composed of a closed vessel, at 
least one anode and at least one cathode, 
wherein an electrode(s) according to claim 4 
are used as said anode(s) and/or said cathode- 
(s). 

9. An electrochemical reactor according to claim 

5, wherein an electrolysis solution is accom- 
modated in the electrolytic cell, leaving a 
space in a part of the inside of the cell, and a 
part of the anode(s) and a part of the cathode- 
(s) are immersed in the electrolysis solution. 

10. An electrochemical reactor according to claim 

6, wherein an electrolysis solution is accom- 
modated in the electrolytic cell, leaving a 
space in a part of the inside of the cell, and a 
part of the anode(s) and a part of the cathode- 
(s) are immersed in the electrolysis solution. 



membrane. 

15. An electrochemical reactor according to claim 

11, wherein the porous material is a porous 
5 membrane. 

16. An electrochemical reactor according to claim 

12, wherein the porous material is a porous 
membrane. 

w 

17. An electrochemical reactor according to claim 
9, which has a plurality of the anodes and/or 
the cathodes. 

75 18. An electrochemical reactor according to claim 
1 1 , which has a plurality of the anodes and/or 
the cathodes. 

19. A method for carrying out an ionization reac- 
20 tion of a gas which comprises accommodating 

an electrolysis solution in an electrolytic cell 
composed of a closed vessel, so as to leave a 
space in the upper part, filling said space with 
hydrogen gas, using electrode(s) according to 
25 claim 1 as an anode(s) and/or a cathode(s), 
and immersing a part of said electrode(s) in 
the electrolysis solution. 

20. A method for carrying out an ionization reac- 
30 tion of a gas which comprises accommodating 

an electrolysis solution in an electrolytic cell 
composed of a closed vessel, so as to leave a 
space in the upper part, filling said space with 
hydrogen gas, using electrode(s) according to 
35 claim 3 as an anode(s) and/or a cathode(s), 
and immersing a part of said electrode(s) in 
the electrolysis solution. 



11. An electrochemical reactor according to claim 

7, wherein an electrolysis solution is accom- ao 
modated in the electrolytic cell, leaving a 
space in a part of the inside of the cell, and a 

part of the anode(s) and a part of the cathode- 
(s) are immersed in the electrolysis solution. 

45 

12. An electrochemical reactor according to claim 

8, wherein an electrolysis solution is accom- 
modated in the electrolytic cell, leaving a 
space in a part of the inside of the cell, and a 

part of the anode(s) and a part of the cathode- so 
(s) are immersed in the electrolysis solution. 

13. An electrochemical reactor according to claim 

9, wherein the porous material is a porous 
membrane. 55 



14. An electrochemical reactor according to claim 
10, wherein the porous material is a porous 
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